Objective: To examine the associations between income and education and three markers of inflammation: interleukin-6 (IL-6), C-reactive protein (CRP), and fibrinogen. Socioeconomic status is inversely linked with health outcomes, but the biological processes by which social position "gets under the skin" to affect health are poorly understood. Method: Cross-sectional analyses involved participants (n ϭ 704) from the second wave of the national population-based Survey of Midlife Development in the United States (MIDUS). Data on pretax household-adjusted income and educational attainment were collected by questionnaire and telephone interview, respectively. Detailed medical history interviews, inventories of medication, and fasting blood samples for assessment of inflammatory proteins were obtained during an overnight clinic stay. Results: All three inflammatory proteins were inversely associated with both income and education in bivariate analyses. However, multivariate regression models, adjusting for potential confounds, showed that only low income predicted higher levels of inflammatory proteins. Moreover, inclusion of IL-6 in the regression models for CRP and fibrinogen eliminated the associations with income. Conclusion: These results suggest that income explains the association between education and peripheral inflammation. In short, the reason that higher education is linked to reduced peripheral inflammation is because it reduces the risk for low income status, which is what is directly associated with reduced peripheral inflammation. The findings also suggest that the links between income and both CRP and fibrinogen are mediated by IL-6. These observations help to sharpen our understanding of the relationship between social position and biological markers of illness in the United States.
INTRODUCTION

I
n the United States, lacking a high school degree or living below the poverty line is associated with up to 12 fewer years of life and up to 16 fewer years of life without disease or disability (1, 2) . But although strong positive associations between socioeconomic status (SES) and health are well documented (3, 4) , the biological processes that link social position to health outcomes are poorly understood. How do poverty and low educational attainment "get under the skin"? This study employs a nationally representative sample to test the links between income, education, and three key inflammatory markers linked to a range of morbidity and mortality outcomes.
If we want to understand how SES gets under the skin, inflammatory markers are a logical place to start. Inflammatory proteins are strongly associated with cardiovascular disease, which kills nearly one in three Americans, and cardiovascular disease is strongly patterned by both educational attainment and income (5) . Serum levels of interleukin (IL)-6, a proinflammatory cytokine, the acute phase C-reactive protein (CRP), and the clotting factor fibrinogen all predict increased risk of later cardiovascular events in healthy individuals as well as increased risk of mortality in patients with a history of cardiovascular disease (6 -13) . There is a sufficiently strong link between CRP and later cardiovascular disease (14) , especially in women (10) , that limited clinical screening for CRP levels is now recommended (15) . Importantly, flammatory markers independently predict cardiovascular disease above and beyond traditional risk factors.
Both education and income are also strongly associated with cardiovascular disease. SES predicts risk factors for heart disease, such as obesity, limited physical activity, and smoking (5) . But it is also more directly associated with heart disease. Even after controlling for risk factors ranging from smoking and obesity to high blood pressure and cholesterol levels, SES remains a strong predictor of cardiovascular mortality (16) .
Inflammation has been linked to SES in a number of clinical and population-level studies and in multiple countries. Results from National Health and Nutrition Examination Survey (17) , the Multi-Ethnic Study of Atherosclerosis (18) , the Heart and Soul Study (19) , the Health, Aging, and Body Composition Study (20) , and study of Coronary Artery Risk Development in Adolescents (21) have all shown that lower levels of education and/or income are associated greater burden of inflammation. Studies in Finland (22) , Greece (23) , and Israel (24) have yielded similar conclusions, whereas results from the Whitehall II study in the United Kingdom have linked higher levels of inflammation with lower occupational status (25) .
Although important for documenting associations between SES and inflammation, these prior studies share three significant limitations. First, they often treat different SES indicators as interchangeable by only testing education, income, or occupational status. There is growing evidence, however, that different SES indicators, particularly education and income, may have different associations with health (26, 27) . For example, the relationship between income and health is generally nonlinear in the United States, with the bulk of the relationship concentrated at the bottom of the income distribution (28 -36) . In contrast, the relationship between schooling and health is generally linear and, in some cases, there are greater differences between college graduates and high school graduates as compared with differences between high school graduates and high school dropouts (37, 38) . Second, because income and education may be differentially related to health, it is important to determine whether they both predict biological markers of disease, such as inflammation. Whereas some studies have found, for example, that income and education are independently associated with health (27, 39) , only one study has examined their shared or independent associations with inflammation; lower education predicted higher CRP levels independent of income in a sample of patients with heart disease (19) . Determining whether education, income, or both predict inflammation will provide insight into the processes by which social position affects health and, thereby, potential opportunities for intercession. Proximate factors associated with income, for example, may be stronger predictors of inflammation than more distal factors related to education.
Finally, studies of SES and inflammation rarely account for the close biological relationships among inflammatory proteins ( Fig. 1) . Because IL-6 is one of the most potent drivers of hepatocyte production of both CRP and fibrinogen (40 -43) , serum levels of CRP and fibrinogen may increase with declining SES merely because SES is linked to IL-6 and not because of independent associations with SES. There is evidence IL-6 may have a stronger association with some health outcomes than do CRP and fibrinogen. For example, despite the relative clinical popularity of CRP, IL-6 seems to have a more robust association with age-related cardiovascular disease than CRP or fibrinogen (44) . If IL-6 does prove to have a unique role in the SES-inflammation relationship, future research on social stratification of health might focus on the factors that modulate IL-6 levels specifically, as opposed to CRP and fibrinogen.
To sharpen our understanding of how inflammatory conditions arise in the socioeconomically disadvantaged as well as the potential biological pathways involved, the current study focuses on two issues. First, we examine the extent to which income and education are uniquely associated with inflammation. Second, because IL-6 is a potent stimulator of CRP and fibrinogen synthesis and release (Fig. 1) , we tested the hypothesis that IL-6 would mediate associations between SES and both CRP and fibrinogen.
We examined these issues, using data from the Survey of Midlife Development in the United States (MIDUS) (45) . Existing population-based studies, such as National Health and Nutrition Examination Survey, typically involve a single inflammatory marker (17, 19) , although studies that have included more than one marker often have nonrepresentative samples (19, 20) . MIDUS comprises a national sample of 35-to 84-year-old men and women and assessments of multiple indices of inflammation, making it suitable for a populationbased examination of shared and unique associations between different SES measures and multiple inflammatory proteins.
METHODS Participants
The MIDUS study consists, in part, of telephone and mail surveys that were conducted in 1995 to 1996 and 2004 to 2006 on a national random digit dial sample of noninstitutionalized adults living in the 48 contiguous states. A Figure 1 . Biological relationships among interleukin (IL)-6, C-reactive protein (CRP), and fibrinogen. Serum IL-6 has a number of biological sources, most notably adipocytes, which account for as much as 30% of circulating IL-6 levels (71) and immunocompetent cells. CRP and fibrinogen are principally synthesized in and released from the liver (72, 73) , and IL-6 is one of the most potent stimulators of their production.
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subsample of MIDUS respondents, who had completed the second wave of surveys (MIDUS 2), also completed detailed clinic-based assessments of health, disease-related biomarkers, and physiologic function ("biomarker sample"). With the exception of two MIDUS subsamples-siblings of respondents and inner city oversamples-all MIDUS 2 respondents who had completed the telephone and mail surveys were eligible for the biomarker sample, and they were recruited by letter and with a follow-up telephone call. An additional sample of African Americans from Milwaukee, Wisconsin was recruited during the second wave of MIDUS data collection, and individuals who completed in-home interviews and self-administered questionnaires were eligible for participation in the biomarker study.
Three regional General Clinical Research Centers (GCRCs) participated in the MIDUS biomarker study-one on the West Coast, one in the Midwest, and one on the East Coast-and participants were invited to stay overnight at whichever GCRC imposed the least travel burden. On arrival at the GCRC, each respondent provided a detailed medical history interview with a GCRC clinician and completed a set of self-administered questionnaires. Participants were also asked to bring all current medications to the GCRC, and these were inventoried by project staff. Fasting blood samples were obtained the next morning. Serum was isolated from all samples, aliquoted, and frozen at Ϫ80°C, shipped on dry ice to the appropriate laboratory, and stored at Ϫ80°C for assay.
The MIDUS biomarker sample includes a subsample of twin pairs, but concern that genetic relatedness might artificially inflate the associations of interest led to the exclusion of these participants. Current analyses are based on data from nontwin respondents who had completed biomarker assessments as of July 2008 (n ϭ 721); biomarker data collection is ongoing. Finally, values of CRP Ͼ10 pg/mL are often indicative of acute infection, and excluding such data are recommended (46) . Thirty-six (4.8% of the sample) participants had CRP values Ͼ10 mg/L and their data were excluded from analyses, leaving a final sample of 704 participants. Compared with MIDUS 2 respondents who did not complete the biomarker study (n ϭ 3237), the study sample had greater educational attainment (5.8% had less than a high school education compared with 6.4% for MIDUS 2 respondents, p Ͻ .05). On other measures relevant to these analyses that were assessed in both samples-age, pretax household income, gender, marital status, and number of chronic health problems-the two samples were statistically comparable.
Collection of data for MIDUS and analysis of those data for the current study were both approved by the Health Sciences Institutional Review Board at the University of Wisconsin-Madison.
Education
As part of the telephone interview, participants were asked their highest level of educational attainment. Responses were grouped into 12 categories ranging from "no school/some grade school" (category 1) to "PhD, MD, JD, or other professional degree" (category 12). This 12-category variable was used to examine linear associations between education and inflammatory proteins. To examine nonlinear associations, we created a set of dummycoded variables: less than a high school education, graduated high school or obtained GED, and graduated from a 4-year college. Those with some college education, but no degree, or with a degree from a 2-year or vocational institution were grouped with high school graduates. College graduate status served as the reference category in multivariate analyses.
Income
Information on pretax household income from wages, pensions, social security, and government assistance was obtained from mail surveys. Income was adjusted for household size by dividing by the square root of the number of individuals in the household. Income was treated as a continuous variable in analyses examining linear associations between income and inflammatory proteins. However, results from earlier studies have shown that low income groups, but not moderate income groups, had significantly higher levels of inflammatory markers compared with high income groups (17, 19) . To allow for such nonlinear associations, we also stratified the sample into income quintiles. The income ranges that corresponded to each quintile were: Q1: 
Inflammatory Markers
Serum IL-6 was measured, using high-sensitivity enzyme-linked immunosorbent assay according to manufacturer guidelines (R&D Systems, Minneapolis, MN). CRP was measured, using a particle enhanced immunonepholometric assay (BNII nephelometer, Dade Behring Inc., Deerfield, IL). Fibrinogen was measured, using a semiautomated modification of the Clauss method (Clauss, 1957) on a BNII nephelometer (Dade Behring). Assays for IL-6 were completed in the laboratory of Dr. Christopher Coe at the University of Wisconsin-Madison, and those for CRP and fibrinogen were completed in the laboratory of Dr. Russell Tracy at the University of Vermont. The laboratory intra-and interassay coefficients of variance for all protein assays were in acceptable ranges (Ͻ10%). Distributions for IL-6 and CRP values were positively skewed and were log-transformed for statistical analyses.
Covariates
In addition to age, gender, marital status, and race, analyses controlled for the potential confounding influences of health status and health behavior.
Health Status
Health status was assessed, using both self-reported and objective measures. Participants completed questionnaires, assessing whether they had received a physician's diagnosis for any of 20 chronic conditions. From these responses, an index of chronic disease burden was constructed that consisted of the number of diseases specifically linked to inflammation (autoimmune disorders, cardiovascular and cerebrovascular disease, hypertension, arthritis, asthma, diabetes, gastrointestinal diseases, liver disease, and cancer). Height and weight were measured by GCRC staff and used to calculate body mass index (BMI) (weight in kilograms divided by the square of height in meters). A continuous measure of BMI was included in all analyses; values were log-transformed to normalize the distribution. Finally, antihypertensive (47, 48) , cholesterol-lowering (49) , and antidepressant (50) medications have all been shown to have anti-inflammatory properties, and steroid medications, particularly as part of a hormone replacement regimen, have been shown to increase CRP levels (51, 52) . Dummy-coded variables indicating use of these medications were included in all analyses.
Health Behavior
Health behavior indicators are based on self-reported information from questionnaires completed at the GCRC. Variables for cigarette smoking (never smoked, former smoker, and current smoker), the number of drinks consumed during a typical week, number of minutes engaging in vigorous or moderate exercise per week, and number of caffeinated beverages consumed per day were included in all models.
Statistical Analyses
Bivariate analyses examined associations among continuous SES indicators, inflammatory markers, and covariates. A continuous measure of income was then used in multivariate regression analyses to estimate linear associations between income and inflammation in both adjusted and unadjusted models. As women tend to have higher circulating levels of some inflammatory proteins than men (53) , and socioeconomic gradients in some aspects of health, such as BMI, are more robust in women than in men (54), we included interaction terms in each model to determine whether income-inflammation association differed by gender. Nonlinear associations of SES and inflammation were then estimated in multivariate models, using dummy-coded education categories and pretax household income quintiles. Income and education were modeled independently and then in combination to determine the extent to which their associations with inflammation were independent. Demographic data, health status variables, and health behavior variables were entered in successive steps. Finally, to test for IL-6 mediation, serum IL-6 level was entered at the final step of CRP and fibrinogen multivariate analyses. The threshold for identifying statistically significant associations was set at ␣ ϭ 0.05.
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Descriptive statistics for the biomarker sample are shown in Table 1 . It is worth noting that the largest proportion of the sample (41.4%) was classified as obese (BMI above 30). Descriptive statistics for the inflammatory proteins stratified by educational attainment and pre-tax household income are shown in Table 2 .
As expected, income and education were significantly correlated in bivariate analyses (rϭ0.37, PϽ.001). Also as expected, IL-6 was significantly correlated with both CRP (rϭ0.50, PϽ.001) and fibrinogen (rϭ0.46, PϽ.001), and CRP and fibrinogen were also correlated (rϭ0.57, PϽ.001). Table  3 shows additional correlational relationships between the SES indicators and demographic, health status, and health behavior covariates.
Multivariate regression analyses using a continuous measures of pre-tax household income showed that income was significantly negatively associated with IL-6 in the unadjusted model (␤ϭϪ0.21, PϽ.001), and while inclusion of demographic, health status, and health behavior variables in the model reduced the magnitude of this association, it remained statistically significant (␤ϭϪ0.08, PϽ.05). In contrast, while CRP and fibrinogen were significantly negatively associated with income in unadjusted models (CRP: ␤ϭϪ0.11, PϽ.01; fibrinogen: ␤ϭϪ0.12, PϽ.01), inclusion of covariates reduced these associations to marginal (CRP: ␤ϭϪ0.07, Pϭ.09) or non-significance (fibrinogen: ␤ϭϪ0.03, Pϭ.58). Finally, interaction terms were included in all models to test for differential associations by gender, but none of these was statistically significant (data not shown).
To examine non-linear associations between SES indicators and inflammation, we estimated regression models using dummy-coded variables for educational attainment and income. Table 4 shows the multivariate analysis regressing IL-6 on education and income. As shown in Model 1, those with less than a high school degree (␤ϭ0.10, PϽ.05) had significantly higher levels of IL-6 than college graduates, although when education and income were included in the same model, the associations between education and IL-6 were eliminated IQRs ϭ interquartile ranges; IL ϭ interleukin; CRP ϭ C-reactive protein; HS ϭ high school; GED ϭ General Educational Development test. 
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Models for fibrinogen are shown in Table 6 . Like the results for IL-6 and CRP, fibrinogen levels were higher in those with less than a high school education (␤ϭ0.09, PϽ.05) and in high school graduates (␤ϭ0.09, PϽ.05) compared to those with college degrees (Model 1), but these associations were statistically non-significant after adjustment for income (Model 3). However, fibrinogen levels were higher in those who fell in the lowest income quintile in the unadjusted model (␤ϭ0.19, PϽ.001; Model 2) as well as the model that adjusted for education (␤ϭ0.18, PϽ.001; Model 3). Adjustments for demographic , health status , and health behavior covariates reduced this association to statistical non-significance.
The adjusted associations between income and all three inflammatory proteins are shown in Figure 2 .
Finally, we tested the hypothesis that IL-6 would mediate associations between income and both CRP and fibrinogen. For mediation to exist, the predictor (income) must be associated with both the outcome variable (CRP or fibrinogen) and the intervening variable (IL-6). The intervening variable must also be associated with the outcome variable, and inclusion of the intervening variable in outcome variable model should attenuate the association between predictor and outcome (55) . All of these requirements are met in the current analyses. In adjusted regression models low income significantly predicted all 3 proteins as noted above. Moreover, in bivariate analyses and as seen in Tables 3 and 4 , IL-6 was significantly associated with both CRP and fibrinogen . Finally, after inclusion of IL-6 in the full model, the association of low income and CRP was only marginally significant (␤ϭ0.09; Pϭ.06; Table 5 , Model 7). For fibrinogen, inclusion of IL-6 in the fully adjusted model reduced the coefficient for low income to nonsignificance (␤ϭ0.03, Pϭ.60; Table 6 , Model 7). This mediation by IL-6 is shown graphically in Figure 3 .
DISCUSSION
This study had two principal goals. The first was to examine the unique associations of income and education with inflammatory markers. In analyses using dummy-coded education and income categories, we found that educational attainment was negatively associated with all three inflammatory proteins in unadjusted regression models, but these associations were consistently eliminated after adjustment for income. In contrast, those in the lowest quintile of pretax household-adjusted income had significantly higher levels of IL-6, CRP, and fibrinogen in unadjusted models and in models adjusting for educational attainment, and with the exception of fibrinogen, these associations remained statistically significant after adjustments for demographic characteristics, health status, and 
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health behaviors. It is worth noting, however, that the sizes of the coefficients for low income were substantially reduced in the full models compared with the unadjusted models, suggesting that characteristics, such as age, gender, race, BMI, chronic illness, and exercise, explain some of the association between income and inflammation. These results did conflict with a recent study of heart disease patients where income and education were both negatively related to CRP levels, even after adjustments for the other SES indicator (19) . The most likely explanation of this discrepancy is the nature of the two samples. Although the current study focused on a communitydwelling national probability sample with heterogeneous clinical status, the earlier study involved a clinical sample. The clinical sample likely had different results because low education is associated with poorer adherence to treatment (56); thus, clinical disease status may amplify the relationship between education and inflammation. Nonetheless, this is one of the first studies to focus specifically on the extent to which links between SES indicators and inflammation are unique or shared among indicators, and our results suggest that the relationship between education and inflammation is completely explained by income. Our analyses included both continuous and dummy-coded measures of SES, and these measures yielded different results.
Inflammation was negatively related to a continuous measure of income in unadjusted models, but with the exception of IL-6, adjustment for covariates eliminated these associations. In contrast, those in the lowest income quintile had higher levels of IL-6 and CRP than those in the remaining four quintiles, even after adjustment for covariates. These results suggest that the relationship between inflammation and income is best characterized as nonlinear, with the bulk of the linear association being captured by higher levels of IL-6 in the lowest income quintile; this association was most likely masked in the analyses with the continuous income measure. This result is consistent with prior research, showing that higher inflammation (17) and adverse health in general (28 -38,57) tends to cluster at the low end of the income distribution rather than being distributed linearly.
What might explain the link between income and inflammatory markers? One possibility is that there are higher rates of illness and health-damaging behaviors among the poor that are responsible for higher levels of inflammation. There is ample evidence that low SES is associated with greater illness (3, 4) , more obesity (in developed countries like the United States) (58) , and higher rates of smoking and alcohol consumption (3, 59 )-all of which are linked to greater inflammation. Rates of infectious illness are also higher at lower levels of the SES distribution (60, 61) . We attempted to ac- 
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count for many of these potential confounds both by excluding participants with levels of CRP Ͼ10 pg/mL (a potential indicator of acute infection) (46) and through inclusion of control variables in our regression models, however, and although the coefficient for low income predicting IL-6, in particular, was reduced in adjusted models, the associations between low income and inflammation remained statistically significant. This was true in spite of robust associations between some covariates, such as BMI, and each inflammatory factor. These results echo those of prior studies (17, 19, 20) and support the conclusion that income-inflammation relationships are not completely explained by differences in health or health behavior across income strata. A second possibility is that income may be linked to the kinds of instrumental and psychosocial resources that drive (and can be driven by) biological processes. We examined the extent to which financial strain-difficulty paying monthly bills-mediated the link between income and inflammation, and although it did not (data not shown), there are a number of other psychosocial factors that may explain this association. A variety of psychosocial resources-sense of control over events, social support-can buffer the impact of stressors and help to maintain health, and these resources are less abundant with decreasing income and education (62) . Studies (63) focused on daily stress processes found that, although participants with less educational attainment reported fewer stressors on a day-to-day basis, the stressors they experienced were rated as being more severe, using both objective and subjective rating methods. In addition, results from the first wave of MIDUS data collection showed that perceived severity of stressors mediated the relationship between SES and both psychological distress and physical symptoms (64) . It is important to note that this earlier research focused on education. Additional work will be needed to extend these observations to include income. Similar to studies on health, it will be critical to determine the extent to which income is moderating the relationship between education and psychosocial resources. Nevertheless, these studies converge on the hypothesis that poorer psychosocial resources at low SES levels may exacerbate the physiological impact of stressors, an effect that may be partially independent of physical health or health behaviors. When coupled with a large literature linking chronic psychological stress to higher levels of inflammatory proteins (25, (65) (66) (67) (68) , these studies suggest that those with the lowest incomes may be at greater risk of stress-related inflammation. We intend to examine this possibility in future work.
A second goal of the current study was to test the hypothesis that IL-6 would mediate the links between SES and both CRP and fibrinogen. IL-6 is a potent stimulator of the synthesis and release of both fibrinogen and CRP from the liver (40, 41, 69) , and IL-6 is hypothesized to a central component of disease-related inflammation (70) . Given these biological relationships, we examined the possibility that the associations of income and education with both CRP and fibrinogen in the present study would be eliminated by the inclusion of IL-6 in the statistical models, and the results showed clearly that they were. These observations suggest that IL-6 is in the pathway by which income, in particular, is linked to CRP and fibrinogen, although this possibility requires rigorous testing before it is established. Should this result stand up to further testing, it would suggest that IL-6 should be a specific target for research on how social disadvantage "gets under the skin" to affect health. Such a focus would be more precise than one involving multiple inflammatory markers and more likely to reveal important mediators of the link between income and inflammation. On a more general note, these results also highlight the importance of considering the physiological re- and CRP were back-transformed to facilitate interpretation of results. Results from multivariate regression models showed that the lowest income quintile had levels of IL-6 and CRP that were significantly higher than other quintiles; no other quintile differed significantly from the rest. Levels of fibrinogen in the lowest income quintile were significantly higher than other quintiles in unadjusted analyses, but not in the full regression model.
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lationships among biological measures that are becoming increasingly popular in studies of social stratification of health.
Although these results help to illuminate the relationship between income and specific inflammatory markers in a national sample of middle-aged and older adults in the United States, their interpretation is tempered by the fact that although the sample was racially heterogeneous, the African American sample was drawn from the population of Milwaukee, and the links between SES and inflammation may be different in African Americans from other areas of the United States. Moreover, the current analyses focused on only two of a number of possible metrics of socioeconomic position, such as occupational status. Our understanding of how social factors are differentially or interactively associated with biological processes related to health will be advanced by the inclusion of more of these metrics in future studies.
This study joins prior research showing modest but consistent associations between SES and inflammation that are not explained by demographic characteristics, health status, or health behavior, and in so doing they support a potential role for inflammatory proteins as mediators of the links between social position and health outcomes. As research demonstrating biological imprints of SES accumulates, it becomes increasingly important to view social position as a critical determinant of health.
We thank the three anonymous reviewers for their insightful comments on earlier versions of this manuscript. Figure 3 . Graphic representation of meditational analyses. A) Partial correlations of low income status and inflammatory proteins after adjusting for demographic, health status, and health behavior characteristics. B) Partial correlations of low income status and inflammatory proteins after adjusting for demographic, health status, and health behavior characteristics and for associations among inflammatory proteins. The link between low income and interleukin (IL)-6 remained statistically significant in multivariate models that adjusted for C-reactive protein (CRP) and fibrinogen (data not shown), but the association between low income and CRP was reduced to statistical nonsignificance (and the association with fibrinogen reduced by Ͼ50%) after inclusion of IL-6 in those respective models (Tables 5 and 6 ).
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